Regulation of signal transduction activity in normal and cancer cells.
The purpose of this investigation is to clarify critical aspects of the behavior and regulation of signal transduction activity in normal and cancer cells. Signal transduction activity was determined by measuring the steady-state activity of the three synthetic enzymes involved in the conversion of 1-phosphatidylinositol to IP3, PI 4-kinase, PI 4-phosphate 5-kinase and phospholipase C. These enzymic activities were opposed by the activities of the degradative enzymes, 4-phosphatase and 5-phosphatase. We observed in hepatocellular carcinomas the operation of an integrated imbalance in signal transduction which was manifested in the up-regulation of the steady-state activities of the three synthetic enzymes and in the reduction of the activities of the two catabolic phosphatases. As a consequence of this enzyme imbalance there was an increase in the concentration of IP3 in hepatomas. Increased IP3 levels were also observed in numerous human carcinomas in clinical samples and in tissue culture cells. The signal transduction activity was subject to nutritional regulation and to drug action. The elevated signal transduction activity, as measured by the IP3 concentration, was down-regulated in a time- and dose-dependent fashion by the anticancer drug, tiazofurin, by the flavonoids, quercetin and genistein, and by the anti-estrogen receptor, tamoxifen. Our studies show that signal transduction activity is stringently linked with transformation and progression in rat and human carcinomas. Down-regulation of signal transduction activity by various drugs led to a marked reduction of IP3 concentration and then to apoptosis and induced differentiation.